Abstract
Introduction

58
The percentage and digestibility of starch contents are two important factors influencing 59 the nutritional motives of maize silage-based rations for ruminants. Starch is a very vital part of 60 maize kernels and provides the energy to ruminants. Starch is mainly comprised of amylopectin 61 amylose. Amylopectin is branched and more complex for digestion than amylose (Santacruz 62 2004). Starch diversity in maize is also associated with types of endosperm i.e. dent vs. flint 63 (Kotarski et al. 1992; Michalet-Doreau and Champion 1995) . In a starch-zein protein matrix the 64 floury starch (dent) is not bound tightly, and hence, becomes indented at maturity level (Fox and 
71
These genetic variations may result in differences in the rate and extent of ruminal starch 72 degradability of maize, thus has a vital role in assessing nutritional values of maize kernels in 73 maize fodder for ruminants (J. Cone et al. 2008) .
74
Crop growth can be influenced by type of soil or its composition. Although soil 75 composition is not directly a crop yield limiting factor, it significantly affects the final yield of a 76 crop. This is because it plays a vital role in mineral and nutrient availability, and water and air 77 supply to the roots. An ideal soil for plant growth can be with optimum numbers of pores for 78 storage of water, transmission of air, and pores in which roots of crop can grow (Veiga et al. 2009 ).
79
FAO (2007) classified soils, based on particle size, as sandy which is not tightly packed (Miles 80 2015), and has bigger particles (0.05-2 mm in diameter), silt has particles with medium size 81 (0.002-0.05 mm in diameter), clay which has very small and packed particles (<0.002 mm).
82
Clayey soils have higher water holding capacity and nutrient use efficiency as compared to sandy 83 soils. As clay particles have more plant nutrients carrying capacity than those of sand or silt (FAO, 84 2007) . Therefore, different soils types can significantly influence the crop growth and yield.
85
Genotypes of maize show differences in maturation rate (Ali et al. 2014; Rebourg et al. 86 2003) and, hence, in their responses to growing conditions. It creates a problem in understanding 87 the interaction of genotype and growing conditions on accumulation of starch content and its 88 ruminal degradation (Thomas Ettle and Schwarz 2003) . Normally, based on their maturity, the 89 maize genotypes could be ranked using their dry matter content (DM) as a tool (Marton et al. 2007; 90 Schwab et al. 2003) . But these maize genotypes may differ in their nutritive value, even at the 91 same dry matter content (Hetta et al. 2012; Jensen et al. 2005 (1996) , was used. Rumen fluid was collected from two rumen fistulated lactating cows, two 145 hours after the morning feeding. These cows were fed with a ration of maize, grass silage and 146 concentrate. Kernel samples (0.5 g of substrate) were incubated in 250 ml bottles, containing 60 147 ml of buffered rumen fluid. Samples were placed in a shaking water bath in duplicate, and 148 temperature was maintained at 39 ºC as per described by J. W. Cone et al. (1996) . Gas production 149 was determined for 72 hours. For blank gas productions, the results were corrected, i.e. production 150 of gas in buffered rumen fluid without any substrate. In each run, consisting of 40 samples in 151 duplicate, to allow standardization a pure starch (control) and two standard maize samples i.e.
152
normal and gelatinized accompanied the test maize samples. T-tests showed non-significant 153 differences in the gas production between the runs for control (P > 0.53) and standard samples (P
154
> 0.21 and 0.48 for normal and gelatinized starch, respectively), and thus were not corrected for 155 the differences between runs. Degradation of starch per gram of Organic Matter (OM) was calculated as
Statistical analysis
165
The general analysis of variance procedure in Statistix (1985 Statistix ( -2005 (Tables 1 and 2 ; Fig. 1 ). Regarding the soil type, the highest starch contents were 185 recorded for clay soil in both years (Tables 1 and 2 ) while the lowest starch content was recorded 186 for sandy soil in both years. An irregular trend of differences in starch content and calculated 187 rumen degradation of starch between clay and sandy soil was found for non-vitreous and vitreous 188 genotypes for both years (Tables 1 and 2 ). genotypes against their relative starch content percentages (Fig. 4) , and the accumulated thermal 
211
The in vitro ruminal starch degradation was significantly affected by maturity stage.
212
Ruminal degradation of starch declined as the maturation progressed, also at higher contents of 
Discussion
220
In vitro ruminal degradation of starch in maize kernels (calculated from the gas produced) depending on its range. This study also clearly showed that too early or too late crop harvesting 292 results in less ruminal degradation of starch, thus a lower nutritional value of kernels.
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Open markers are for clay (Exps 1 and 3), and closed markers are for sandy soil (Exps 2 and 4). 
